Nutritional factors play an important role in cataract disease and the healthy eating index (HEI) is a unique approach to study the relationships between diet and diseases. Objectives: The current study aimed to evaluate and compare healthy eating index among the patients with cataract and healthy individuals. Patients and Methods: This case-control study was conducted on 97 patients with cataract and 198 healthy people (as a control group) in Iran. Individuals were selected by the convenience sampling method and the food frequency questionnaire (FFQ) was completed for them. At first, HEI was calculated and then the HEI scores were compared in cataract patients and healthy individuals. Results: The analysis of FFQ showed that the scores of vegetables (7.81 v. 10), nutritional variation (5.5 v. 7) and sodium (2 v. 6) groups (P < 0.001) were significantly lower among the patients with cataract than the healthy individuals. Also this significant difference was observed in the scores of total HEI and fruits (respectively 73.26 v.79.30 and 7.1 v. 9.8) (P < 0.01). On the other hand, the scores of saturated fatty acids (10 v. 9; P = 0.02), total fat (8 v. 7; P = 0.004) and cereals (10 v. 10; P < 0.001) were higher among the patients with cataract than the healthy individuals. The comparison of dietary intake among all types of cataract shows that the scores of the meat group were significantly higher in the patients with nuclear cataract and mixed cataract than the ones with posterior cataract (respectively 9.4 v. 6.5 and 9 v. 6.5) (P = 0.02). In addition, after adjusting the confounding factors the results showed that the HEI high score was associated with reducing the risk of coming down with cataract (OR = 0.18, CI: 95%, P < 0.001, 0.08 -0.41).
Background
Cataract is known as one of the preventable causes of blindness in the world, and 75% of blindness cases in the world are attributed to cataract (1, 2) . In Iran 31.7% of blindness cases and 47.5% of severe and chronic visual disorders are attributed to this disease, and in recent years there was a significant increase in the rate of cataract surgery; furthermore, many of these patients had the second surgery (3, 4) . Therefore, it is important to identify the risk factors for its prevention and treatment. There are various reasons for developing cataract among people. In previous studies the role of aging, genetics and exposure to UV rays were mentioned. But it is observed that other factors such as environmental factors and metabolic diseases, which were rather ignored, also have a critical role in increasing the risk of cataract. Recent studies show that obesity and overweight have a direct relationship with the risk of cataract (5) . Among the environmental factors, diet has an important role, and most of foods can be considered as either protective or risk-making factors to develop cataract. Diet can reduce the risk of cataract by decreasing the oxidative stress or systemic inflammation in various aspects. Studies show that adequate intake of antioxidants (like lutein and xanthine) and multivitamins have a major effect on prevention and treatment of cataract (6) (7) (8) (9) . The conducted studies meant to determine the relationship between diet and cataract, revealed contradictory results. The difference in results can be due to different population as well as the method used in such studies. Researchers offer various methods such as healthy eating index (HEI) to evaluate dietary patterns. In 1995 the HEI was designed to examine the overall quality of diets and their conformity and concordance with food guides and food pyramid (10) . This index was determined in order to evaluate diet quality in different societies with different dietary diversity and specific patterns in each community. Since most studies on the effect of dietary factors and their relationships with the risk of cataract had been done in European and American countries (11), the present study was conducted to investigate the relationship between HEI with the risk of cataract based on a case-control study among people over 40 years old in Tehran. (Ethic code: 051525,12.10.2013)
Objectives
The current study aimed to evaluate and compare HEI among the patients with cataract and healthy individuals.
Patients and Methods

The Study Population
In the current study that employed convenience sampling method people in the case and control groups were respectively selected among people referring to Farabi (ophthalmology teaching hospital, with 220 beds and 10 sections) and Shariati hospitals in Tehran considering the inclusion and exclusion criteria. Since in a similar study on the relationship between cataract and vitamin C the Odds Ratio was equal to 0.5, sample size was calculated using the following method:
, P 2 = 0.51
Based on the above formulas, a total of 202 controls and 101 cases were included. At the end of the study, eight persons from cases and controls whose daily intake calories was lower than 702 kcal or higher than 5016 kcal, were excluded from the study. The inclusion criteria for the case group were: it should not exceed one month since the diagnosis of the cataract, detection of cataract at least in one of the two eyes, the eyesight should be less than 0.6, and being in the age range of above 40 years. The inclusion criteria for the control group were: non-hospitalized or hospitalized patients without cataracts, being in the age range above 40 years, and the degree of eyesight less than 0.6. The exclusion criteria for the case and control groups were: catching other eye diseases (cataract for the control group), being on a special diet one year before the interview, a history of previous eye injury, and the history of radiation therapy or eye surgery. The control group was matched according to age (with a five-year interval) and gender with the case group. Therefore, in each age and gender group the number of people in the control group was twice. The required information regarding age, family history of cataract, heart disease, hypertension, hyperlipidemia, arthritis, diabetes, smoking, alcohol consumption, physical activity, past consumption of vitamin C and multivitamin supplement, corticosteroids, oral contraceptives, estrogen therapy as well as the number of hours exposing to sunlight and using special equipment against the sun was obtained through face to face interviews. The weight of each subject was measured with minimum clothing, and 100g sensitivity and height by a tape and the sensitivity of 0.1 cm.
Dietary Assessment
The usual dietary intake of individuals in the previous year (for the case group a year before the diagnosis of the disease and the control group a year before the interview) was collected by the interviewer using the valid and reliable food frequency questionnaire (FFQ) (12) (13) (14) . This questionnaire included 147 foods and the food consumption frequency of each nutrient is determined per day, week, month, or year. The mentioned amount of each nutrient was converted into gram using household scale guide and the amount of each nutrient consumed per day in grams was measured for each person (15) . Calories and sub nutrients for all food items were calculated using food ingredient table United States department of agriculture (16, 17) . Then the data were transferred into SPSS software. Dietary factors examined in the study included total fat, grains, dairy, meat, fruit and vegetable, saturated fatty acids and cholesterol intake. At the end of the study eight persons (four from each group), who consumed daily calories less than 702 kcal or more than 5016 kcal, were excluded from the study.
All served nutrients were converted into serving pyramid using a food guide pyramid and were assessed based on the healthy eating index (HEI). This index was designed by Kennedy et al. based on the food guide pyramid and dietary guidelines (18) . This index is composed of 10 components with the Likert scale from 0 to 10. The scores assigned for the consumption degree of each five food groups (vegetable, fruits, grains, milk and meat) were calculated based on the recommended serving food pyramid. The way to score the fat was considered as follows: the individuals, whose total intake energy contained up to 30%fat, received the highest score (10) and the ones that fat formed 45% or more of their total calories, were considered as minimum point (zero); the calculation method of saturated fatty acids was as follows: score of 10 for people whose total intake energy included 10 or less saturated fatty acid; and zero for the ones that saturated fatty acid formed 15% or more of their total energy. Receiving less than 300 mg/dL cholesterol obtained 10 scores and the intake of 450 mg/dL cholesterol or more was considered as a zero score. Sodium intake less than 2400 mg/dL obtained the highest score (10) and receiving 4800 mg/dL or more the minimum score (zero). The degree of diversity was calculated based on the McCullough method (10). Antioxidant and vitamin supplements consumption were interrogated.
Statistical Methods
Statistical analyses were conducted using SPSS version 19.0 (SPSS Inc., Chicago, IL, USA). Normal distribution of quantitative data was measured by the Kolmogorov-Smirnov test and normal distribution of qualitative data was measured by the Chi-square test. Due to the lack of normal distribution of the data, nonparametric tests were employed. To compare differences between the case and control groups, Wilcoxon and McNemar tests were used for continuous variables and categorical variables, respectively. To compare differences between the subgroups, the Kruskal-Wallis test was used. Logistic regression was used to evaluate the relationship between HEI score and cataract, with the individuals in the lowest quartile of HEI as the reference category. A P for trend was calculated using logistic regression and the median of HEI in each quartile as the independent variable. The study also adjusted the impact of confounding factors such as age (four age groups: 40 -50 years, 50 -60 years, 60 -70 years and 70 > years), gender (male and female), education (four categories: uneducated, primary, junior high school, high school, and higher), cataract family history, body mass index (BMI) (four categories: underweight, normal, overweight, and obese), energy intake, physical activity and history of diabetes, and hypertension for the subjects. Table 1 presents baseline characteristics of 97 patients with cataract as cases and 198 controls. Prevalence of age-related cataract in males and females was 34% and 66%, respectively. In short, the case and control groups matched in terms of gender, and age; however they indicated significant differences in BMI, education, family history of cataract, diabetes, blood pressure, physical activity, use of special equipment in front of sunlight, and education (P < 0.05). Table 2 shows HEI scores, and components of 97 patients with cataract as the case and 198 healthy individuals as the control groups. Total HEI score (P = 006), vegetable score (P < 0.001), fruit (P = 003), sodium (P < 001) and diversity scores (P < 001) were significantly higher in the control group than the case group. On the other hand, cereals (P < 0.001), total fat (P = 0.004), and saturated fatty acids (P = 0.02) scores were significantly lower in the control group than the case group. Table 3 compared total HEI and its components in three subgroups of patients (nuclear cataract, mixed cataract, and posterior cataract). Two subgroups of nuclear cataract, and mixed cataract had higher scores of the meat group (P = 0.02). However, no significant differences existed between the three subgroups of patients in the overall scores and other components. Table 4 indicates the risk of cataract disease in four categories of HEI points. After adjusting the variables such as age, gender, BMI, energy intake, the risk of cataract disease with an increasing HEI score reduced from the lowest to the highest quarter (OR = 0.19; CI: 95%; P < 0.001 (0.09 -0.40)). After adjusting the additional confounding variables such as hypertension, family history of cataract, diabetes, education, and physical activity, the observed relationships between the HEI score and reduced risk of cataract did not change ( OR = 0.18 CI: 95%; P < 0.001 (0.08 -0.41)). Table 5 shows five main food groups of the pyramid and their daily consumed units in the control group and the three groups of patients. The control group, compared with the case group (separated by the three types of cataract), had consumed the greatest amount of the vegetable group (P < 0.001), fruit group (P < 0.001), dairy group (P = 0.01) per day. Further analysis by two comparisons between the groups in a bimodal manner indicated no significant difference between the three subgroups of the case group regarding their consumption. But two by two comparison between the control group and the three subgroups of the case group showed significant differences. 
Results
Discussion
The results of the current research showed that being on a diet according to the food guide pyramid and the healthy eating index (HEI) is correlated with the reduced risk of cataract. Among the HEI components, the scores of fruits, vegetables, sodium and food diversity in the patients with cataract were lower than those of the control group but scores of cereals, total fat and saturated fatty acids were higher than control group. In addition, the subgroup comparison among all types of cataract (mixed, posterior, and nuclear) showed that HEI score for meats in posterior cataract was lower than the other.
The current study findings indicated that high intake of fruits and vegetables reduces the risk of cataract; therefore, they confirm the results of previous studies (19) (20) (21) (22) . In a case-control study carried out recently, a significant inverse relationship was observed between fruit (OR = 0.69; P < 0.001) and vegetable (OR = 0.47; P < 0.001) consumption with the risk of cataract (23) . Also through a cross-sectional study in 2013, Pastor-Valero et al. (24) found that receiving high amounts of fruit and vegetable, reduces the risk of cataract (P for trend = 0.008). In a prospective Cohort study (females healthy study) Christen et al. investigated the association between fruit and vegetable consumption with the incidence of cataract, and found that females receiving highest amount of fruit and vegetable quintile (10 units in a day) compared with the lowest receiving quintile (3.6 unit in a day) were 10% to 15% less susceptible to cataract (21) . The inverse relationship between the fruit and vegetable consumption and the risk of cataract may be due to high content of dietary antioxidants. The results of a study by Moeller et al. (22) showed that the consumption of whole grains can reduce the opacity of the lens. There are limited studies on the relationship between the grains and cataract, and they have mainly focused on the effect of carbohydrates. Chiu et al. (25) found that people receiving the highest amount of carbohydrates were more at risk of cortical cataract than the ones receiving the lowest amount of carbohydrates (OR = 3.19; P trend = 0.017). Increased and decreased risks of cataract are reported in some studies regarding receiving high amount of carbohydrates, but not in most of the studies (26) (27) (28) . In the present study a reverse relationship was observed between total fat, saturated fatty acids and cataract. Studies on the fat consumption associated with cataract are unclear. In some studies a positive correlation was observed between total fat and cholesterol (23) and some other denied this relationship (29) . On the other hand, in a cohort study Lu et al. (30) found a strong positive relationship between receiving polyunsaturated fatty acid (PUFA) and the risk of cataract (P trend = 0.02; OR = 2.3). Since PUFA tends to become oxidized, high concentration of these fatty acids in the membranes of eye lens may have similar pathological effects on the like other tissues (31) .
In the current study, meat consumption was concerned to the risk of taking nuclear and mixed cataract. The result of a study that investigated the relationship between the risk of cataract and vegetarian diet was inconsistent with the results of the current study and showed that the restricted vegetarian diet can increase the risk of age-related cataract (32) . On the other hand, Appleby et al. investigated the relationship between cataract and eating diet. In the current study a strong correlation was observed between diet and the risk of cataract. The result of the study showed that the risk of cataract among females and males who consumed high levels of meat and dairy products (more than 100g per day) was higher than vegetarian and people who consumed less meat than the others (27) . In addition, a case-control study conducted in India showed that consumption of animal foods in the patients with cataract was significantly more than the healthy subjects (33) . The existence of all types of known antioxidants (such as lutein and zeaxanthin) in plant sources causes a protection against cataract. It can be observed as one of the protective roles of vegetarian diet as opposed to the rich meat diet (34) . The study concluded that the score of receiving sodium in patients with cataract was significantly lower than those of the healthy individuals, and that patients with cataract receive higher amounts of sodium. In this context the study result s were consistent with those of the other studies. A cross-sectional study conducted in Australia showed that higher sodium intake is associated with greater risk of posterior subscapular cataract (35) . In general the nutritional factors can affect the prevention and incidence of cataract; therefore, nutrition education, which can be considered as an effective way to increase the awareness of individuals in order to follow a healthy diet (36) , is recommended.
The appropriate sample size and careful selection of people using slit lamp, using a valid questioner and the validated questionnaires and reviews of the role of nutritional agents in all types of cataract can be noted as the strengths of the study. On the other hand, the lack of review of mechanisms justifying the relationship between diet and cataract, lack of attention to the race of people and the amount of receiving food antioxidants associated with cataract are considered as the study weaknesses.
